INTRODUCTION
The composition of free amino acids of tobacco and the methods for their identification have been investigated only to a small extent so far. An analytical procedure for the quantitative determination of amino acids in tobacco was described by Weybrew and Matzinger (:t}. This work describes an additional study of the method for the extraction and determination of amino acids by also using, for their identification, the combination of chromatography with mass spectrometry.
MATERIALS

Apparatus
The Autoanalyzer used in this study consisted of standard components including a :140 X o.6 cm Chromobeads type A chromatographic column, operating at a temperature of 6o° C with flow rates of 0.5 and o.o56 ml/min. of buffer and ninhydrin respectively and a colorimeter recorder unit with 445 m~-t and · 570 m~-t filter. Mass spectrometry (Hitachi RMU -6. H) : ion source temperature: :t2o • Received for publication: 9th July, 1973.
METHODS
Free Amino Acids
The tobacco used for the extraction was cured Burley.
A 7-8 °.'o moisture content was kept constant· by storing the tobacco in a room with 65 Ofo humidity and a temperature of 20° C. Free amino acids were extracted from the pulverized tobacco samples as described by Liguori (2): :to.oo g of tobacco powder were suspended in 40 ml ethanol (8o0fo) and left for 24 hours at 5° C. The supematant extract was then decanted through a :t:t G 3 filter, vacuum was provided by a water pump and drained. The filtrate was concentrated to dryness under vacuum at room temperature and then the residue was recovered with 40 ml of water and transferred to a separatory funnel and washed three times with 30 ml ethyl ether to remove pigments. In order to eliminate any traces of ethyl ether, the water solution was heated in a thermostatic water bath without exceeding the temperature of 50° C. The solution was then lyophilized in order to obtain a yellow dry powder. The "cooling finger" technique was used in order to obtain a perfectly purified lyophilized product. This technique renders it possible to remove by sublimation some substances interfering with the chromatographic separation of amino acids (3). 70 mg of lyophilized material were placed in a vacuum Erlenmeyer flask which had a plug with a test tube.
The distance between the test tube and the bottom of the flask was 3 cm. The test tube was filled with cold alcohol (..:..20° C), the Erlenmeyer flask was placed in a thermostatic bath operating at 6o° C and vacuum (:to-2 to :xo-3 torr) was applied. The interfering substances sublimed and condensed on the cold wall of the test tube. The separation and determination of the different amino acids was performed on a Technicon column with a constant flow rate. The pH gradient was obtained by use of citrate buffers (0.:15 N to Na}, corresponding to pH values of 2.85, 3.8o, 5.oo, 6.:to.
To the first and second cell of the autograd, 7 and 5 ml methanol respectively were added in order to improve the separation of threonine from serine. -Good separations were achieved by application of
o.2 ml of a solution (containing 350 mg/ml free amino acids) on to the column. The calorimetric determination was made at 440 m~t for proline and at 570 m!J. for all the other amino acids. The identification was made possible by comparison with a chromatogram of a solution of standard amino acids and by the technique of eo-elution. The identification of amino acids for which the techniques mentioned previously were insufficient, was performed via the mass spectra of the individual amino acids: The column eluates were collected in a fraction collector and transferred to a Dowex 2 X 8 resin column in order to remove the sodium citrate. After removal of the water by vacuum evaporation, the samples were introduced directly into the source of the mass spectrometer at temperatures between 12~:180° C, according to the samples, the electron energy being 70 e V.
Protein Hydrolysates
For the hydrolysis of insoluble proteins, the method described by Weybrew and Matzinger (:1) was followed: To 2.oo g of powdered tobacco were added 40 ml of :1 Ofo HCl and this was shaken for :1 hour. After storage at 4 ° C overnight, the insoluble residue was filtered off, washed many times with :1 Ofo HCl and dried at :100° C. 40 mg of this material were used for hydrolysis, the only variation to the method mentioned above was the addition of o.o3 ml thioglycolic acid to :1.0 ml HCl (6 N) in order to prevent tryptophan from being destroyed. After hydrolysis of proteins according to (:1) (22 hrs., no 0 C), HCl was evaporated completely under vacuum and the residue dissolved in 2.0 ml of citrate buffer (pH 2.2), corresponding to a concentration of 20 mg of insoluble residue/ml. The most appropriate analytical quantity was 0.4 ml of this solution (corresponding to 8 mg of the residue). The chromatographic column and the pH gradient were the same as used for the determination of free amino acids. Table : 1. The method of extraction and purification developed Table 1 .
RESULTS AND DISCUSSION
Free amino acids of Burley tobacco (Fig. 1 ).
Peak number Constituent
Cysteic acid Mass spectrum of cysteic acid. Mass spectrum of citrulline. has considerable advantages in comparison to the method suggested by Weybrew and Matzinger. By our method, it is possible to reduce the time of preparation for .the extracted sample, and such intermediate stages as deproteinization with picric acid are eliminated. The application of lyophilization made it possible to maintain the extracts unchanged even for two or three months, only an initial degradation of asparagine was recorded in some samples analysed after about a month. An , additional advantage obtained by lyophilization is the possibility of having higher concentrated solutions with a resulting reduction of the sample volume which is introduced into the column (o.2 ml instead of 2 ml).
Certain chromatograms repeated at different times and relative to extracts from different samples of the same tobacco variety proved a full reproducibility of peaks.
The drawback which had been firstly observed for the imperfect correspondence of the elution times of free amino acids in extracts, as compared to those of the amino acids from the standard solution, was eliminated by purifying the lyophilized matter with the "cooling finger" technique previously described. By this technique, some substances in the lyophilized matter, which interfere with the chromatographic separation of amino acids, are eliminated. As the use of the eo-elution technique and the comparison of standard amino acids had not allowed identification of all peaks of the chromatogram, the eluate fractions corresponding to different peaks were collected in a fraction collector. These fractions, after removing the sodium citrate by absorption on a Dowex 2 X 8 resin, were concentrated to dryness and introduced into the mass spectrometer. Figures 3, 4 , 5 and 6 show the mass spectra of glutamine, glutamic acid, taurine, tryptophan, cysteic acid, ornithine, citrulline and cystine. In this way, all the peaks of the chromatograms were identified and this made it possible to verify the absence of such other compounds as peptides and amino acid-sugar complexes. Certain free amino acids, listed in Table : 1, had not been found so far in the extracts of tobacco samples. Fig. 7 shows the chromatogram of amino acids in total protein hydrolysates of Burley tobacco, whereas Table 2 12 17 11 contains the list of amino acids · corresponding to the peaks of the chromatogram.
As for the composition of the protein hydrolysate, tryptophan and its derivatives were found to be regularly absent in the different analyses performed, despite the addition of thioglycolic acid to the acid hydrolysate. The chromatogram does not show any other unknown compounds. In the investigations carried out on such other varieties of Italian tobaccos as Kentucky, Beneventano, Nostrano, Virginia and Erzegovina, no qualitative differences were found in the composition of the protein hydrolysate. Some differences were found only in the quantitative ratio between the various amino acids present therein.
SUMMARY
This paper describes a method for the extraction, separation and determination of amino acids, both free and protein-bound, which are present in tobacco.
The introduction of the lyophilization process and the "cold finger" technique made it possible to obtain a good purification of extracts which, unlike the previous methods, have been preserved for a long time. The combined use of column chromatography and mass spectrometry enabled all amino acids present to be detected. The analyses carried out on different tobacco varieties showed certain quantitative and qualitative differences in the composition of amino acids and only small quantitative variations in the composition of protein-bound amino acids. 
ZUSAMMENFASSUNG
RESUME
Cette publication d&:rit une methode permettant }'extraction, la separation et la determination des aminoacides presents clans le tabac, qu'ils soient libres ou lies aux proteines. L'utilisation de la lyophilisation et de la technique du «doigt froid» permet d'obtenir des extraits tres purs, et qui ont pu etre conserves longtemps, ce qui n'esf pas le cas clans les procedes pnkedents. L'usage combinC de la chromatographie sur colonne et de la spectromCtrie de masse permet de determiner tous les acides amines presents. Les analyses faites sur diffCrentes varietes de tabac montrent certaines differences quantitatives et qualitatives clans la composition des aminoacides et seulement de petites variations quantitatives dans la composition des aminoacides liCs aux protCines.
